The usual practice of calculating the arithmetic mean in a set of measurements of a biological nature, 'such as wing length of a butterfly, assumes a distribution showing no wide departure from normality, although it does not appear that this procedure has been vindicated.
It is the usual experience of collectors of species in a biological group, such as the Rhopalocera, that the species are not equally abundant, even under conditions of considerable uniformity, a majority being comparatively rare while only a few are common. As far as we are aware, no suggestion has been made previously that any mathematical relation exists between the number of individuals and the number of species in a random sample of insects or other animals. Recently, it has been found (Corbet, 1942) that, leaving out of account the commoner species of which no attempt was made to collect all individuals seen, the number of species S of butterflies of which n individual specimens were collected by a single collector in Malaya was given closely by the expression S = C/nm, where C and m are constants.* When m is unity, as is the case with the Malayan collection, and has since been found to be a condition which obtains with collections of butterflies from Tioman Island and the Mentawi Islands in which the relation between S and n follows the above equation, the number of species of which I, 2, 3, 4, ... specimens were obtained was very close to a series in harmonic progression. Thus, the series can be written reason to believe that the collecting had been unselective (see Table i ). It is clear that when S and N are known, as is usually the case, the statistics nl, x and ox can be calculated. It is a curious fact that the number of uniques should approach a constant value with increasing size of collection. It is important to ascertain how far this type of distribution of individuals among species holds in other zoological groupc, for it would appear that we have here an effective means of testing whether a collection has been made under conditions approaching random sampling or whether some degree of selection has been exercised, a consideration which is often of some importance in faunistic studies. How far -the results obtained with any particular collection can be regarded as representative of the distribution of the same species group in the area in which the collection was made must obviously depend on the uniformity or otherwise of the conditions prevailing when the collection was made and to the extent to which these conditions are representative of the habitat. In an equatorial forest-clad island with no mountain heights above 2000 ft., conditions are very uniform as far as such orders as Leipidoptera are concerned; although even here some allowance must be made for the fact that collections of butterflies made in such regions are usually poor in the crepuscular species. In temperate climates, it is evident that results obtained during one period of the year are usually inapplicable to other seasons or to the year as a whole. It would appear that the results.obtained with the moth trap at Harpenden (see Part 2) can be regarded as giving an accurate picture of the distribution frequencies of the phototropic moths in the area, and it is probable that the same is true of the collection of Mexican Elmidae.
With many collectors, and for a variety of reasons, the collecting of common species is discontinued once a certain number of specimens of these are obtained. In the case of the Malayan Rhopalocera cited, collecting of all individuals seen was not continued after 24 specimens had been taken. In such cases, we have the following information:
The total number of species under 25 individuals per species: Relation between numnbers of species and individuals in samples According to the calculated values, the total species and total individuals at levels between n = i and n = 24, are 501P92 and respectively. The actual values found for the total species and total individuals between n = i and 2z4 are 50I and 3306 respectively. It was necessary to choose, from the material collected, groups in which all or nearly all of the specimens hadbeen identified to species. For this certain families of Lepidoptera Were most suited, and the discussion below deals with the captures in the Sphingidae, Noctuidae, Arctiidae, Geometridae and a few other related families. In the Geometridae the genus Eupithecia was omitted owing to difficulties of identification. Altogether 15,609 individuals belonging to 240 species were captured. The names and details of numbers for each species will be found in Williams (1939, Tables 6-8 ). Table 3 shows the frequency distribution of the species for the four years added together. It will be seen that 35 species were represented by a single individual each; that 85 (including the 35 above) were represented by 5 or fewer individuals; I15 by io or fewer; and 205 species by ioo or fewer individuals; leaving therefore 35 species with over Ioo individuals per species. The highest total of one species was 2349 individuals of Agrotis exclamationis. The results up to 50 individuals per species are represented diagrammatically by the vertical lines in Fig. I A, giving a curve closely resembling a hyperbola.
For the above series in

The frequency of species of different abundance
If, however, the log number of species is plotted against the log number of individuals as in Fig. 2A it will be seen that, while the straight-line distribution expected for a hyperbola holds approximately true for the rarer species, the number of commoner species is distinctly below the hyperbolic expectation and falls rapidly away from it at higher numbers of individuals per species.
Fisher The calculated values for n2, n3, etc., are shown in Table 3 opposite thq observed figures and also by curves in Figs. i A and z A. In the latter the log of the frequency is plotted against the log of the number of individuals per species.
It will be seen that for both common and rare species the calculated vatlues are very close indeed to the observed. The calculated number of species with one individlual is slightly larger (40-4) than the observed (35). By calculation there should be 1x6 9 species with Io or fewer individuals and the observed number was I 15. The close resemblance at higher frequencies is best seen in Fig. 2A .
If, instead of adding the four years together, we take the average number of individuals in each year and the average number of species with I, 2, 3, etc., individuals we find the observed results in the trap to be as in the second column of Table 3 It will be seen that the fit is not so good as in the Lepidoptera. The observed number of species represented by only one individual is i8 and the calculated less than I2. In general there are rather tnore of the rarer species than the calculated series indicates, and fewer of the commoner species. Table 4 shows a summary of all the various samples taken from the Lepidoptera and the Capsidae. It will be seen that there is a slight general tendency for the calculated value of n1 to be below the observed. In the Macrolepidoptera for one or more years this is not so obvious, but it is distinct in the one-eighth year samples. In the Noctuidae only there are four results below and two practically equal to the observed figure; but in the Capsidae there are five below and only one equal. This requires further investigation. The relation between the number of species and total number of individuals in the sample
In Tables 4 and 5 Table 4 . It is suggested that the parameter a should be known as the 'index of diversity' of the population. The differences between the observed and calculated values for Lepidoptera and for Capsidae are shown diagrammatically on a larger scale in Fig. 6 . In the Lepidoptera (Fig. 6A) (Fig. 6B) 
The seasonal changes of a in the Macrolepidoptera
If the Macrolepidoptera captured in the light-trap during the four years are tabulated month by month the numbers of individuals and species in each month (excluding the five winter months when numbers are too small) are shown in Table 6 together with the approximate value of a. The changes in a are shown in Fig. 7 .
There is a regular seasonal change which is almost identical in each year; the value of a rises from a low value in April to a maximum in July and back to a low value in October. There is a very much greater difference between the a values for two different months than there is for the same month in two different years. For example, the number of insects caught in July I935 was almost seven times as great as the number in July I936, and yet the values of a are almost identical; but rather more insects in August I936 than in July gives a considerably smaller value, and an almost identical number of insects in 
Fig. 7
September 1936 gives a value of X only about onethird as great. There is no doubt whatever that there is a seasonal change in x or in the 'richness of species' quite independent of the seasonal change in numbers of insects.
Value of a for a single night in a month
In the month of July 1935, which was a month of high catches of Lepidoptera in the light-trap, 2,586 Noctuidae were captured, belonging to 56 species. From these figures x = 4 2. Thus it is considerably smaller for a short period of sampling than for a longer period. This would be expected, as the variety of species available for catching on a single night must be less than that on a series of different nights.
This gives a (for
Comparison of results from two light-traps a short distance apart
During the autumn of I933 two light-traps were kept running simultaneously from 8 August to 3I October. One was in the fields at Rothamsted (the standard trap used in all the previous calculations) and the other was about 400 yards away on the roof on the Entomology building at a height of about 35 ft. from the ground. This overlooked a more varied environment with gardens and mixed vegetation. To add one new species to a large sample a log, z must equal I, when z is the factor by which the sample must be multiplied, i.e. Thus the size of sample necessary to give a to any required degree of accuracy can rapidly be obtained from the figure. Table 7 shows values of S correct to two decimal places for various combinations of a and N, and Table 8 shows the standard error of x to three significant figures for various values of N and a. Here n is the variate representing the number observed in any sample, m. is the parameter, the number expected, which is the average value of n, and need not be a whole number. Obviously, m will be proportional to the size of the sample taken, and to the density of organisms in the material sampled. For example, n might stand for the number of bacterial colonies counted on a plate of culture medium, m for the average number in the volume of dilution added to each plate. The formula then gives the probability of obtaining n as the number observed.
The same frequency distribution would be obtained for the numbers of different organisms observed in one sample, if all were equally frequent in the material sampled.
If the material sampled were heterogeneous, or if -unequal samples were taken, we should have a mixture of distributions corresponding to different values of m. The same is true of the numbers of different organisms observed in a single sample, if the different species are not equally abundant.
An important extension of the Poisson series is provided by the supposition that the values of m are distributed in a known and simple manner. Since m must be positive, the simplest supposition as to its distribution is that it has the Eulerian form (well known from the distribution of x2) such that the element of frequency or probability with wvhich it falls in any infinitesimal range dm is df)-(= ' Ol-kmf-le-tipdm. The limiting form of the negative binomial, excluding zero observations In many of its applications the number n observed in any sample may have all integral values including zero. In its application, however, to the number of representatives of different species obtained in a collection, only frequencies of numbers greater than zero will be observable, since by itself the collection gives no indication of the number of species which are not found in it. Now, the abundance in nature of different species-of the same group generally varies very greatly, so that, as I first found in studying Corbet's series of Malayan butterflies, the negative binomial, which often fits such data well, has a value of k so small as to be almost indeterminate in magnitude, or, in other words, indistinguishable from zero. That it is not really zero for collections of wild species follows from the fact that the total number of species, and therefore the total number not included in the collection, is really finite. The real situation, however, in which a large number of species are so rare that their chance of inclusion is small, is well represented by the limiting forn taken by the negative binomial distribution, when k tends to zero.
The limiting value A = o cannot occur in cases where the frequency at zero is observable, for the distribution would then consist wholly of such cases. If, however, we put k = o in expression (3), write x for p/(p + i), so that x stands for a positive number less than unity, varying with the size of the sample, and replace the constant factor (k-i)I in the denominator, by a new constant factor, a, in the numerator, we have an expression for the expected number of species with n individuals, where n now cannot be zero, a -x". The quantity oc is independent of the size of sample, and is proportional to the number of species of the group considered, at any chosen level of abundance, relative to the means of capture employed. Values of a. from different samples or obtained by different methods of capture may therefore be compared as a measure of richness in species. To this end we shall need to know the sampling errors by which an estimate of cx may be affected.
(4) Variation in parallel samples Whatever method of capture may be employed, it is to be expected that a given amount of activity devoted to it, e.g. a given number of hours exposure of a light-trap, or a given volume of sea water passed through a plankton filter, will yield on different occasions different numbers of individuals and of species, and, consequently, varying estimates of a. The amount of variation of these kinds attributable to chance must form the basis of all conclusions as to whether variations beyond chance have occurred in the circumstances in which two or more samples were made.
In strictly parallel samples, i.e. equivalent samling processes applied to homogeneous material, the numbers caught of each individual species will be distributed in a Poisson series, and it easily follows that the same is true of the aggregate number, N, of all species. Since N is a large number of hundreds or thousands, this is equivalent to N being normally distributed with a variance equal to its mean, so that to any observed value N we may attach a standard error (of random sampling) equal to ? V\N.
For the variation of S we must obtain the distribution of species according to the number m expected in the sample; modifying expression (2) in the same way as (3) has been modified, this is found to be ae-LmINdmIm.
The probability of missing any species is e-m, so that the contribution to the sampling variance of S due to any one species being sometimes observed and sometimes not, is From the manner in which the distribution has been developed it appears that we never have theoretical grounds for supposing that k is actually zero; but, on the contrary, must generally suppose that in reality it has a finite, though perhaps a very small, value. Our reasons for supposing this small value to be negligible must always be derived from the observations themselves. It is, therefore, essential to be able to test any body of data in respect to the possibility that in reality some value of k differing significantly from zero might fit the data better than the value zero actually assumed.
The The series, therefore, shows a deviation in the direction to be expected for the negative binomial, though apparently quite a small one. In order to test the significance of such discrepancies, I give in Table Io, for the same range of observable values of the average number of specimens in each species N/S, the values of i/S, where i is the quantity of information, in respect of the value of k, which the data supply. Entering the table with our value I 81317 for log,ON/S we have i/S=24656, or i=59I-7. This quantity may now be used for two purposes. In the first place it is the sampling variance of the discrepancy observed, so that, taking its square root, the standard error is found to be 2433. This suffices to test the significance of the discrepancy, since 9-29 ? 24 33 is clearly insignificant.
If, on the contrary, a significant discrepancy had been found, an estimate of the value of k required to give a good fit to the data could lNe made by dividing the discrepancy by i. In fact 9 9 =o oI6 591'7 would have been tLh-v-alue of k indicated by the data, if any value other than zero had been required.
SUMMARY
Part i. It is shown that in a large collection of Lepidoptera captured in Malaya the frequency of the number of species represented by different numbers of individuals fitted somewhat closely to a hyperbola type of curve, so long as only the rarer species were considered. The data for the commoner species was not so strictly 'randomized', but the whole series could be closely fitted by a series of the logarithmic type as described by Fisher in Part 3. Other data for random collections of insects in the field were also shown to fit fairly well to this series. Numerical processes are exhibited for fitting the series to observations containing given numbers of species and individuals, and for estimating the parameter ac representing the richness in species of the material sampled; secondly, for calculating the standard error of a, and thirdly, for testing whether the series exhibits a significant deviation from the limiting form used.
Special tables are presented for facilitating these calculations.
